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Abstract—We investigated standard specimens for accu-
rately calibrating the line-focus-beam ultrasonic material
characterization (LFB-UMC) system without system de-
pendencies. We evaluated several types of lithium tanta-
late (LiTaO3) substrates using two LFB-UMC systems with
different device/system characteristics to measure and cal-
ibrate the propagation characteristics of the leaky surface
acoustic waves (LSAWs), and analyzed the variations be-
tween the calibrated results. We concluded from this anal-
ysis that, by selecting materials with the cut surfaces and
propagation directions of standard specimens that are iden-
tical to the objects to be calibrated, calibration errors re-
sulting from different performance characteristics between
the two systems could be nearly eliminated. Also, analyt-
ical errors caused by the effects of spectra with two close
peaks (another propagation wave mode), one of the most
common problems of characterization in the past, could be
eliminated at the same time by this method.
I. Introduction
The line-focus-beam ultrasonic material characteriza-tion (LFB-UMC) system, through V(z) curve anal-
ysis, can accurately measure the propagation characteris-
tics of leaky surface acoustic waves (LSAWs), viz., phase
velocity VLSAW and normalized attenuation factor αLSAW,
that propagate on the water-specimen boundary, and thus
quantitatively evaluate materials [1], [2]. We have im-
proved this system, especially with regard to measurement
of VLSAW, and achieved a measurement reproducibility of
±2σ = ±0.0013% at an arbitrary chosen point [3]. This
system also has evaluated lithium niobate (LiNbO3) and
LiTaO3 single crystals and wafers used for SAW devices
and optoelectronic devices in order to resolve various sci-
entific and industrial problems [3]–[12]. However, measured
results of LSAW propagation characteristics depend on the
characteristics of the systems used (mainly ultrasonic de-
vices), and usually deviate from the true propagation char-
acteristics [13], [14]. Therefore, we have devised a system
calibration method using standard specimens whose acous-
tical physical constants have been accurately determined
[13]. We generally have adopted standard specimens such
as isotropic materials of synthetic silica glass and non-
piezoelectric cubic crystals of gadolinium gallium garnet
(GGG), silicon (Si), and Germanium (Ge) that can cover
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Fig. 1. Cross-sectional view of the LFB ultrasonic device and a spec-
imen for explaining the formation principle of V(z) curves.
a wider material velocity range from 2600 to 5100 m/s. We
also improved the measurement techniques to raise the re-
liability of standard specimens [15]. During our research
in evaluating various crystals, we found that there was a
scatter in velocity on the order of 0.1% between systems
for the calibrated results using such standard specimens.
This becomes a major problem when determining the re-
lationships between chemical and physical properties [3],
[10], and for elastic constants [16]–[21] that require high
measurement accuracy.
To resolve these problems, we investigate a method
for selecting proper standard specimens using several sub-
strates of recently prepared standard specimens of LiTaO3
[22], [23] that would permit greater accuracy in calibration
without system dependencies.
II. Calibration Method
Fig. 1 shows the cross-sectional geometry of the LFB
ultrasonic device with the water-loaded specimen for ex-
plaining the propagation of one LSAW mode. The mea-
surement principle was presented in detail in the literature
[1]. By altering the distance z between the ultrasonic de-
vice and the specimen, we can obtain a V(z) curve at the
transducer output. The LSAW propagation characteristics
can be obtained by measuring the oscillation interval ∆z
0885–3010/$20.00 c© 2004 IEEE
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Fig. 2. Calibration concept of the LFB-UMC system using standard
specimens.
and attenuation α0 of the V(z) curve with the following
equations:
VLSAW =
VW√
1 −
(
1 − VW
2f∆z
)2 , and (1)
αLSAW =
α0 cos θLSAW + 2αW
2kLSAW sin θLSAW
, (2)
where f represents the ultrasonic frequency, VW and αW
represent the longitudinal wave velocity and attenuation
in water, kLSAW expresses the wave number of LSAWs,
and θLSAW = sin−1(VW/VLSAW). In actual measurements,
the values of ∆z and α0 depend on the system (mainly
the LFB ultrasonic device) and ultrasonic frequency so
that measured values of VLSAW and αLSAW obtained from
(1) and (2) are different from the actual material values
[13], [14]. We thus conduct the following system calibration
according to the method proposed in the literature [13].
Fig. 2 schematically illustrates the calibration method
for the LFB-UMC system. First, the acoustical physi-
cal constants of standard specimens (elastic constants cE,
piezoelectric constants e, dielectric constants εS, and den-
sity ρ) must be accurately determined in advance [13], [15],
[21]–[23]. Using the acoustical physical constants, we con-
ducted calculations to obtain the theoretical values of the
LSAW propagation characteristics according to the ana-
lytical procedure described in the literature [24]. We then
used the LFB-UMC system to measure the LSAW propa-
gation characteristics for the standard specimens and ob-
tained the experimental values. The calibration coefficients
of K(V ) and K(α) are obtained for each ultrasonic fre-
quency so that the experimental values correspond with
the theoretical values according to the following equations:
K(V ) = ∆zST(calc.)/∆zST(meas.), and (3)
K(α) = α0ST(calc.)/α0ST(meas.), (4)
where ∆zST(calc.) and ∆zST(meas.) represent the calcu-
lated and measured values of ∆z for the standard speci-
TABLE I
Prepared Specimens and LSAW Propagation Characteristics
Obtained by Numerical Calculations.
Calculated
VLSAW αLSAW
No. Specimen Prop. [m/s] [×10−2]
1 X-cut LiTaO3 112.2◦Y 3294.72 1.173
2 X-cut LiTaO3 128◦Y 3287.95 0.971
31 X-cut LiTaO3 128◦Y 3290.31 0.973
4 Y -cut LiTaO3 Z 3231.97 1.179
5 Y -cut LiTaO3 X 3160.69 1.044
6 33◦Y -cut LiTaO3 X 3126.30 1.095
7 42◦Y -cut LiTaO3 X 3125.69 1.076
81 42◦Y -cut LiTaO3 X 3129.63 1.076
9 Z-cut LiTaO3 Y 3318.79 1.087
10 Z-cut LiTaO3 X 3207.51 0.811
111 Z-cut LiTaO3 X 3211.05 0.810
12 (111)-GGG [112] 3251.27 1.050
1Prepared from another crystal with a composition of 48.66 Li2O-
mol% [23].
mens, and α0ST(calc.) and α0ST(meas.) represent the cal-
culated and measured values of α0 for the standard spec-
imens. Calibration can be performed by multiplying mea-
sured ∆z and α0 for the specimens to be calibrated by
K(V ) and K(α), respectively.
III. LFB-UMC System
The two LFB-UMC systems used in this paper are
called Systems A [2] and B [3]. Each system was in-
stalled in a temperature-controlled chamber that includes
a mechanical system with ultrasonic device and speci-
mens in order to maintain a stable measurement envi-
ronment. The couplant temperature during measurements
was within ±0.01◦C. The relative measurement accuracy is
better than ±0.002% in VLSAW and approximately ±0.2%
in αLSAW at an arbitrarily chosen point on the specimen
surface.
Each system has an LFB ultrasonic device with differ-
ent characteristics operating from 100 to 300 MHz. In the
LFB device for each system, the transducer width along
the focused axis, which significantly affects the device per-
formance [13], [14], is 1.50 mm for System A and 1.73 mm
for System B. This difference is considered the main cause
of the deviations between the measured values and true
values.
IV. Experiments
A. Specimens
Table I indicates the 12 types of specimens used.
Specimens 1 to 11 are substrates of LiTaO3 that have
various cut surfaces and propagation directions and are
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prepared from a LiTaO3 single-crystal ingot with a chem-
ical composition of 48.50 Li2O-mol%, except for Nos. 3, 8,
and 11. The specimens (Nos. 3, 8, and 11) indicated by
an asterisk consist of substrates prepared from a LiTaO3
single-crystal ingot with a chemical composition of 48.66
Li2O-mol%, and their elastic properties slightly differ from
those for specimen Nos. 2, 7, and 10, which have the same
cut surface and propagation direction. The GGG single-
crystal substrate listed as No. 12 was conventionally used
as the standard specimen when calibrating measured val-
ues of LiTaO3 single crystals and wafers. All the specimens
in Table I have the accurate acoustical physical constants
[13], [22], [23]. The calculated values for the LSAW prop-
agation characteristics were obtained as shown in Table I.
Also, the specimens in Table I are of a sufficient thick-
ness (3 to 4 mm) so that the reflected waves from the back
surface of the specimens [25] do not influence the measure-
ments.
B. Measurements
The LSAW propagation characteristics for the speci-
mens shown in Table I were measured at an ultrasonic fre-
quency of 225 MHz with the two LFB-UMC systems with
different LFB ultrasonic devices as described in Section III.
Measurements were compared to evaluate different char-
acteristics between the systems. Table II shows the devia-
tions in the measured results from the calculated results.
The ∆VB-A and ∆αB-A express the differences in the mea-
sured values for VLSAW and αLSAW between Systems A and
B. The measured VLSAW, that is not calibrated, deviates
from the calculated values by −11.81 to 0.32 m/s (−0.36 to
0.01%) for System A and by −19.70 to −7.39 m/s (−0.60
to −0.23%) for System B. The values for ∆VB-A exhib-
ited large differences of −8.82 to −6.47 m/s (−0.27 to
−0.20%). Similarly, the measured αLSAW exhibited large
deviations of −0.023 × 10−2 to 0.191 × 10−2 (−1.94 to
19.66%) for System A, −0.076 × 10−2 to 0.337 × 10−2
(−6.50 to 34.74%) for System B, and −0.056 × 10−2 to
0.146× 10−2 (−4.75 to 15.04%) for the ∆αB-A. Thus, the
deviations depend largely on the system and type of spec-
imens, so the necessity for system calibration is under-
standable.
C. Calibration
First, we used the calculated and measured values for
the conventional standard specimen (No. 12) of the (111)-
GGG specimen and followed the calibration method de-
scribed in Section II to calibrate the measured values for
all the specimens listed in Table II. Table III presents the
calibrated results as the deviations from the theoretical
values obtained in Table I. The values of ∆VB-A and ∆αB-A
in Table III indicate the differences in VLSAW and αLSAW
between the two systems after calibration. The values for
the No. 12 specimen in Table III are the results calibrated
for itself so that the differences between the calibrated
and calculated values and those in the calibrated values
between the systems are zero. The values of ∆VB-A for
specimen Nos. 10 and 11 (ZX-LiTaO3) are large at about
2 m/s (0.06%), but the results for Nos. 1 to 9 show rel-
atively small at −0.09 to 0.72 m/s (−0.003 to 0.022%).
However, the calibrated results for Nos. 2 and 3 (X-128◦Y -
LiTaO3) have deviations of approximately 10 m/s (0.3%)
from the calculated values. With the exception of the es-
pecially large ∆αB-A values of 0.2 × 10−2 for specimen
Nos. 2 and 3, the results for the specimens were within
0.003× 10−2 to 0.027 × 10−2 (0.24 to 3.30%).
Similarly, we calibrated the measured values of all the
specimens using No. 7 (42◦Y X-LiTaO3 [26]), No. 10 (ZX-
LiTaO3), and No. 2 (X-128◦Y -LiTaO3) as the standard
specimens. The results are shown in Tables IV, V, and VI.
In Table IV, the values of ∆VB-A are less than 0.03 m/s
(0.0008%) for specimen No. 8 with the same cut surface
and propagation direction as for specimen No. 7 and for
specimen No. 6, which is similar in cut surface and identi-
cal in propagation direction to specimen No. 7. These val-
ues are nearly equal to the measurement reproducibility
so that the differences between the systems have been al-
most eliminated. The absolute values obtained are within
±0.64 m/s (±0.0204%), verifying proper calibration. Al-
though the values of ∆VB-A for specimen Nos. 2 and 3
are small at ±0.02 m/s (±0.0007%), the deviations of the
absolute values are about 10 m/s, indicating improper
calibration. The ∆αB-A values of about ±0.001 × 10−2
(±0.076%) for specimen Nos. 6 and 8 are similarly small
and approximately equal to the measurement reproducibil-
ity, thus eliminating any deviations between the systems.
In Table V, the ∆VB-A values for most of the speci-
mens exceed 1 m/s (0.03%). However, the ∆VB-A value
for specimen No. 11, which is of the same cut surface and
propagation direction as specimen No. 10, was −0.14 m/s
(−0.0044%), making it approximately equal to the mea-
surement reproducibility. Their deviations of absolute val-
ues were within ±0.41 m/s (±0.0128%), suggesting suc-
cessful system calibration. The same tendency can be seen
for the results of ∆αB-A, and for specimen No. 11. The
∆αB-A was small (−0.001 × 10−2 (−0.10%)), and the de-
viation of absolute value was less than −0.002 × 10−2
(−0.23%). This was again approximately equal to the mea-
surement reproducibility, demonstrating proper calibra-
tion.
In Table VI, the calibrated values of VLSAW for most of
the specimens deviate from the theoretical values by ap-
proximately 10 m/s. However, the results for specimen No.
3, which is of the same cut and propagation direction as
standard specimen No. 2, had a deviation of only 0.68 m/s
(0.0207%) and the ∆VB-A value was at most −0.03 m/s
(−0.0010%), which is within the limits of measurement
reproducibility. Similarly, the calibrated results for αLSAW
decreased by more than 0.1 × 10−2 (12%) as compared
with the calculated values, and only the results for speci-
men No. 3 had small deviations of 0.009 × 10−2 (0.89%).
The ∆αB-A value of 0.003×10−2 (0.30%) for specimen No.
3 was negligible. Standard specimen No. 2 is useful only
for measuring specimen No. 3.
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TABLE II
Results of LSAW Propagation Characteristics Measured for the Specimens Shown in Table I1.
VLSAW [m/s] αLSAW [×10−2]
System System System System
No. Specimen Prop. A B ∆VB-A A B ∆αB-A
1 X-cut LiTaO3 112.2◦Y −3.58 −12.14 −8.56 −0.023 −0.076 −0.054
2 X-cut LiTaO3 128◦Y −11.81 −19.70 −7.89 0.191 0.337 0.146
32 X-cut LiTaO3 128◦Y −11.14 −19.07 −7.93 0.184 0.328 0.144
4 Y -cut LiTaO3 Z −2.21 −10.47 −8.26 0.019 −0.038 −0.056
5 Y -cut LiTaO3 X 0.32 −7.39 −7.71 0.024 −0.008 −0.032
6 33◦Y -cut LiTaO3 X −1.32 −8.81 −7.49 0.026 −0.007 −0.033
7 42◦Y -cut LiTaO3 X −1.55 −9.04 −7.49 0.027 −0.005 −0.032
82 42◦Y -cut LiTaO3 X −2.18 −9.65 −7.47 0.029 −0.004 −0.033
9 Z-cut LiTaO3 Y −2.11 −10.93 −8.82 0.029 −0.021 −0.050
10 Z-cut LiTaO3 X −1.73 −8.20 −6.47 0.033 0.028 −0.005
112 Z-cut LiTaO3 X −2.01 −8.62 −6.61 0.032 0.026 −0.006
12 (111)-GGG [112] −0.51 −9.04 −8.53 0.023 −0.028 −0.050
1The results are represented by deviations from the calculated values in Table I. The ∆VB-A and ∆αB-A
denote the differences between the results for Systems A and B.
2Prepared from another crystal with a composition of 48.66 Li2O-mol% [23].
TABLE III
Results of LSAW Propagation Characteristics Calibrated by Using the Standard Specimen of (111)-GGG (No. 12) for the
Specimens Shown in Table I1.
VLSAW [m/s] αLSAW [×10−2]
System System System System
No. Specimen Prop. A B ∆VB-A A B ∆αB-A
1 X-cut LiTaO3 112.2◦Y −3.05 −2.96 0.09 −0.049 −0.046 0.003
2 X-cut LiTaO3 128◦Y −11.29 −10.57 0.72 0.164 0.379 0.215
32 X-cut LiTaO3 128◦Y −10.62 −9.93 0.69 0.152 0.370 0.217
4 Y -cut LiTaO3 Z −1.70 −1.49 0.21 −0.010 −0.004 0.007
5 Y -cut LiTaO3 X 0.82 1.38 0.55 −0.000 0.021 0.022
6 33◦Y -cut LiTaO3 X −0.82 −0.16 0.66 −0.001 0.026 0.027
7 42◦Y -cut LiTaO3 X −1.05 −0.39 0.66 0.000 0.027 0.027
82 42◦Y -cut LiTaO3 X −1.68 −0.99 0.69 0.002 0.028 0.026
9 Z-cut LiTaO3 Y −1.58 −1.67 −0.09 0.005 0.008 0.003
10 Z-cut LiTaO3 X −1.22 0.71 1.93 0.020 0.047 0.027
112 Z-cut LiTaO3 X −1.50 0.30 1.80 0.019 0.044 0.026
12 (111)-GGG [112] (0.00) (0.00) (0.00) (0.000) (0.000) (0.000)
1The results are represented by deviations from the calculated values in Table I. The ∆VB-A and ∆αB-A
denote the differences between the results for Systems A and B.
2Prepared from another crystal with a composition of 48.66 Li2O-mol% [23].
V. Discussion
As indicated in Tables IV, V, and VI, we were able to
reduce the differences in the calibrated values of VLSAW
and αLSAW between the two systems to a level approxi-
mately equal to the measurement reproducibility by using
standard specimens with the same cut surface and prop-
agation direction as the specimens to be measured. Also,
system calibration was conducted for the absolute values
of VLSAW at about ±0.02% and for αLSAW at approxi-
mately ±0.9%. Reducing the differences in LSAW propa-
gation characteristics between the standard specimens and
the specimens to be calibrated successfully decreased er-
rors in the calibration coefficients in (3) and (4). Although
the LSAW propagation characteristics for the X-128◦Y -
LiTaO3 specimens shown in Table I are almost the same
as those for the other specimens, the calibrated results
for the X-128◦Y -LiTaO3 of specimen Nos. 2 and 3 in Ta-
bles III to V exhibited large deviations of about 10 m/s
in the absolute values. These calibration errors seem to be
associated with a problem in analytical errors during the
processing of V(z) curve analysis, and the cause is believed
to be another propagation wave mode with a different ve-
locity, which is very close to the LSAW velocity.
On the 42◦Y -cut LiTaO3, Z-cut LiTaO3, and X-cut
LiTaO3 specimens taken as standard specimens in this pa-
per, there may be another propagation wave mode hav-
ing different velocities but very close to the LSAW veloc-
ities. This wave mode is a leaky pseudo surface acoustic
wave (LPSAW) [27] propagated by leaking acoustic energy
through both water and substrates. Fig. 3 presents the cal-
culated results of the angular dependence of the LSAW and
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TABLE IV
Results of LSAW Propagation Characteristics Calibrated by Using the Standard Specimen of 42◦Y X-LiTaO3 (No. 7) for
the specimens shown in Table I.1
VLSAW [m/s] αLSAW [×10−2]
System System System System
No. Specimen Prop. A B ∆VB-A A B ∆αB-A
1 X-cut LiTaO3 112.2◦Y −1.95 −2.55 −0.61 −0.049 −0.071 −0.022
2 X-cut LiTaO3 128◦Y −10.19 −10.17 0.02 0.164 0.343 0.179
32 X-cut LiTaO3 128◦Y −9.52 −9.53 −0.01 0.152 0.334 0.182
4 Y -cut LiTaO3 Z −0.61 −1.09 −0.48 −0.011 −0.032 −0.022
5 Y -cut LiTaO3 X 1.88 1.76 −0.12 −0.000 −0.003 −0.003
6 33◦Y -cut LiTaO3 X 0.22 0.22 0.00 −0.001 −0.002 −0.001
7 42◦Y -cut LiTaO3 X (0.00) (0.00) (0.00) (0.000) (0.000) (0.000)
82 42◦Y -cut LiTaO3 X −0.64 −0.61 0.03 0.002 0.001 −0.001
9 Z-cut LiTaO3 Y −0.46 −1.26 −0.80 0.005 −0.016 −0.021
10 Z-cut LiTaO3 X −0.15 1.11 1.25 0.020 0.033 0.013
112 Z-cut LiTaO3 X −0.42 0.69 1.11 0.019 0.030 0.012
12 (111)-GGG [112] 1.10 0.40 −0.70 −0.000 −0.022 −0.022
1The results are represented by deviations from the calculated values in Table I. The ∆VB-A and ∆αB-A
denote the differences between the results for Systems A and B.
2Prepared from another crystal with a composition of 48.66 Li2O-mol% [23].
TABLE V
Results of LSAW Propagation Characteristics Calibrated by Using the Standard Specimen of ZX-LiTaO3 (No. 10) for the
specimens shown in Table I.1
VLSAW [m/s] αLSAW [×10−2]
System System System System
No. Specimen Prop. A B ∆VB-A A B ∆αB-A
1 X-cut LiTaO3 112.2◦Y −1.80 −3.70 −1.90 −0.088 −0.129 −0.041
2 X-cut LiTaO3 128◦Y −10.04 −11.30 −1.26 0.124 0.261 0.137
32 X-cut LiTaO3 128◦Y −9.37 −10.66 −1.29 0.113 0.252 0.140
4 Y -cut LiTaO3 Z −0.47 −2.21 −1.74 −0.055 −0.098 −0.043
5 Y -cut LiTaO3 X 2.02 0.67 −1.35 −0.037 −0.060 −0.023
6 33◦Y -cut LiTaO3 X 0.36 −0.85 −1.21 −0.042 −0.065 −0.023
7 42◦Y -cut LiTaO3 X 0.13 −1.08 −1.21 −0.040 −0.062 −0.022
82 42◦Y -cut LiTaO3 X −0.50 −1.69 −1.19 −0.038 −0.061 −0.022
9 Z-cut LiTaO3 Y −0.32 −2.41 −2.09 −0.031 −0.070 −0.038
10 Z-cut LiTaO3 X (0.00) (0.00) (0.00) (0.000) (0.000) (0.000)
112 Z-cut LiTaO3 X −0.28 −0.41 −0.14 −0.001 −0.002 −0.001
12 (111)-GGG [112] 1.24 −0.72 −1.96 −0.035 −0.074 −0.039
1The results are represented by deviations from the calculated values in Table I. The ∆VB-A and ∆αB-A
denote the differences between the results for Systems A and B.
2Prepared from another crystal with a composition of 48.66 Li2O-mol% [23].
LPSAW propagation characteristics for 42◦Y -cut LiTaO3,
Z-cut LiTaO3, and X-cut LiTaO3. The LSAW mode ex-
ists in all the directions on the three specimens, but the
LPSAW mode does not always exist. In these calculated
results, the phase velocities of LSAWs are smaller than
those of LPSAWs. The normalized attenuation factors for
the LSAW mode mean the mode excitation efficiencies of
the effect of water loading on the specimen surface. Those
for the LPSAW mode, especially for the Z-cut LiTaO3 and
X-cut LiTaO3 specimens, are large enough to excite the
LPSAWs on the specimen surfaces, but including the leak-
age of acoustic energy into the substrates, so that deformed
V(z) curves, where both LSAW and LPSAW modes take
part in the interference, could be observed.
Fig. 4 depicts the measured V(z) curves along the prop-
agation directions indicated by circles in Fig. 3, the inter-
ference waveforms obtained in the process of V(z) curve
analysis, VI(z) curves, and the analyzed spectral distri-
butions for the VI(z) curves, F(k), for 42◦Y X-LiTaO3,
ZX-LiTaO3, and X-128◦Y -LiTaO3.
Fig. 3(a in A) indicates there is a large velocity dif-
ference of 1038 m/s between LSAW and LPSAW modes
for 42◦Y X-LiTaO3. Also, because the normalized propa-
gation attenuation factor for the LPSAW is nearly zero,
the energy leaking into the water is negligible, so no effect
on the V(z) curve construction is expected. As a result, in
Fig. 4(b in A) we can see a monotonically decreasing si-
nusoidal waveform of VI(z). Subsequently, in the spectral
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Fig. 3. Calculated results of phase velocity (a) and normalized attenuation factor (b) of LSAW and LPSAW.
Fig. 4. Typical V(z) curves measured at 225 MHz with the LFB-UMC System B (a), interference waveforms (b), and spectral distributions
(c) obtained by V(z) curve analysis.
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TABLE VI
Results of LSAW Propagation Characteristics Calibrated by Using the Standard Specimen of X-128◦Y -LiTaO3 (No. 2) for
the Specimens Shown in Table I.1
VLSAW [m/s] αLSAW [×10−2]
System System System System
No. Specimen Prop. A B ∆VB-A A B ∆αB-A
1 X-cut LiTaO3 112.2◦Y 8.29 7.66 −0.63 −0.208 −0.312 −0.104
2 X-cut LiTaO3 128◦Y (0.00) (0.00) (0.00) (0.000) (0.000) (0.000)
32 X-cut LiTaO3 128◦Y 0.68 0.65 −0.03 −0.009 −0.006 0.003
4 Y -cut LiTaO3 Z 9.41 8.91 −0.50 −0.189 −0.305 −0.116
5 Y -cut LiTaO3 X 11.66 11.52 −0.14 −0.149 −0.237 −0.088
6 33◦Y -cut LiTaO3 X 9.87 9.85 −0.02 −0.168 −0.265 −0.097
7 42◦Y -cut LiTaO3 X 9.64 9.62 −0.02 −0.163 −0.257 −0.094
82 42◦Y -cut LiTaO3 X 9.02 9.02 0.00 −0.161 −0.255 −0.094
9 Z-cut LiTaO3 Y 9.86 9.04 −0.82 −0.142 −0.239 −0.097
10 Z-cut LiTaO3 X 9.79 11.02 1.23 −0.060 −0.101 −0.041
112 Z-cut LiTaO3 X 9.53 10.62 1.10 −0.060 −0.101 −0.041
12 (111)-GGG [112] 11.19 10.47 −0.72 −0.141 −0.236 −0.095
1The results are represented by deviations from the calculated values in Table I. The ∆VB-A and ∆αB-A
denote the differences between the results for Systems A and B.
2Prepared from another crystal with a composition of 48.66 Li2O-mol% [23].
distributions of Fig. 4(c in A), we have only a single peak
corresponding to the propagation mode of LSAW.
In Fig. 4(B) for ZX-LiTaO3 [0◦ in Fig. 3(a in B)] and in
Fig. 4(C) for X-128◦Y -LiTaO3 [128◦ in Fig. 3(a in C)], we
can easily understand that the additional LPSAW mode
is more or less excited on the water-specimen surface and
contributes to the V(z) curve construction. For this reason,
the envelopes of the interference waveforms in Figs. 4(b in
B) and (b in C) are undulating, and the spectral peak
for the LPSAW mode indicated by arrows in Figs. 4(c in
B) and (c in C) can be observed, in addition to the main
spectrum for the LSAW mode. Each mode is identified
from the relation between the phase velocities of LSAW
or LPSAW and the corresponding oscillation intervals, as
presented in (1), that is, a slower mode of LSAW has a
smaller oscillation interval. In the spectral distributions
for the VI(z) curves, the wave numbers k (=2π/∆z) for
the LSAW mode become larger than those for the LPSAW
mode. For ZX-LiTaO3, there is a large velocity difference
of 659 m/s between the LSAW and LPSAW modes, as
shown in Fig. 3(a in B), and the two corresponding spec-
tral peaks are clearly separated as shown in Fig. 4(c in
B) with little interference effect. However, for X-128◦Y -
LiTaO3, the velocity difference between the two is rela-
tively small, 84 m/s, as shown in Fig. 3(a in C), and the
two peaks in Fig. 4(c in C) are very close together. There-
fore, the two interference waveforms for the two LSAW and
LPSAW modes affect each other, and the two correspond-
ing spectra cannot be accurately measured. As a result,
the measured values of the LSAW propagation characteris-
tics for X-128◦Y -LiTaO3 specimens include measurement
errors in the analytical process, explaining why the cali-
brated results for the X-128◦Y -LiTaO3 in Tables III to V
present large deviations of about 10 m/s in the absolute
values.
From Table VI, we can see that using the standard spec-
imens with the same cut surface and propagation direc-
tion as the specimens to be calibrated eliminates not only
the effects from the performance characteristics of the sys-
tem/device, but also the effects from the other propaga-
tion wave modes. This method of selecting proper stan-
dard specimens provides highly accurate measurements of
LSAW or LPSAW velocities for the propagation directions
with multiple propagation modes that were difficult to
measure in the past.
In the above demonstrations showing the usefulness of
the calibration method proposed for super-accurate V(z)
curve measurements, although only the selected one or two
propagation directions on the specimens have been taken,
this method is obviously applicable for all propagation di-
rections and both LSAW and LPSAW modes.
VI. Conclusions
We investigated the selection of proper standard spec-
imens in order to achieve greater accuracy in calibration
without system dependencies for the LFB-UMC system.
Using several types of LiTaO3 substrates, we measured
and calibrated LSAW propagation characteristics by two
LFB-UMC systems with different LFB ultrasonic devices,
and we compared the calibrated results with the theoret-
ical results calculated using the predetermined acoustical
physical constants. We found that the differences between
the systems could be reduced to levels approximately equal
to the measurement reproducibility (less than ±0.004% for
VLSAW and less than ±0.3% for αLSAW) by selecting stan-
dard specimens made of the same materials with the same
cut surfaces and propagation directions as the specimens
to be measured. Also, the absolute accuracy could be im-
proved to within ±0.02% for VLSAW and ±0.9% for αLSAW.
By selecting proper standard specimens, we demonstrated
that we could eliminate not only the calibration errors
caused by system or device differences, but also the prob-
lem of analytical errors resulting from the effects of adja-
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cent spectra (another propagation wave mode) that was
unresolved in the past.
In evaluating various kinds of materials, it is not al-
ways easy to prepare proper standard specimens for each
material to be characterized as mentioned above. The re-
sults of our investigation clarify how important it is to
establish this necessary technology that guarantees an ex-
tremely high degree of precision, especially for measuring
absolute values of LSAW propagation characteristics, e.g.,
elastic constants and relationships between LSAW prop-
agation characteristics and other chemical and physical
properties.
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